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COPPER TARGET

TECHNICAL FIELD
[0001] The invention pertains to physical vapor deposition targets and methods
of forming copper physical vapor deposition targets.

BACKGROUND OF THE INVENTION

[0002] Physical vapor deposition (PVD) methods are used extensively for
forming thin metal films over a variety of substrates, including but not limited to,
semiconductive substrates during semiconductor fabrication. A diagrammatic view of a
portion of an exemplary PVD apparatus 10 is shown in Fig. 1. Apparatus 10 includes a
target assembly 12. The target assembly illustrated includes a backing plate 14
interfacing a PVD or “sputtering” target 16. Alternative assembly configurations (not
shown) have an integral backing plate and target. Such targets can be referred to as
‘monolithic’ targets, where the term monolithic indicates being machined or fabricated
from a single piece of material and without combination with an independently formed
backing plate.

[0003] Typically, apparatus 10 will include a substrate holder 18 for supporting a
substrate during a deposition event. A substrate 20, such as a semiconductive material
wafer, is provided to be spaced from target 16. A surface 17 of target 16 can be
referred to as a sputtering surface. In operation, sputtered material 24 is displaced from
surface 17 of the target and deposits onto surfaces within the sputtering chamber
including the substrate, resulting in formation of a thin film 22.

[0004] Sputtering utilizing system 10 is most commonly achieved with a vacuum
chamber by, for example, DC magnetron sputtering or radio frequency (RF) sputtering.

[0005] Various materials including metals and alloys can be deposited using
physical vapor deposition. Copper materials including high-purity copper and copper
alloys are utilized extensively for forming a variety of thin film and structures during
semiconductor fabrications.  Sputtering targets are typically made of high-purity
materials since the purity of materials can affect the deposited film with even minute
particle-inclusions such as oxides or other non-metallic impurities can lead to defective
or imperfect devices. For purposes of the present description the term ‘high-purity’

refers to the metallic purity in terms of the amount or percent by weight of a metal
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material (excluding gases) which consists of a particular metal or alloy. For example, a
99.9999% pure copper material refers to a metal material where 99.9999% of the total
non-gas content by weight is copper atoms.

[0006] In addition to material purity, factors such as the grain size of a target
material and the grain size uniformity of the material can also affect the quality of a
resulting thin film produced utilizing the particular target. In general, a relatively small
grain size is desirable for PVD targets to produce high quality thin films. However, it has
recently been shown that conventional methodology for producing high-purity copper
and copper alloy targets results in anomalous areas of coarse grains in the final target.
It is desirable to develop targets having improved grain size uniformity and methodology
for producing targets with improved grain size uniformity.

SUMMARY OF THE INVENTION

[0007] In one aspect the invention encompasses physical vapor deposition
targets. The targets are formed of copper material and have an average grain size of
less than 50 microns. The targets additionally have an absence of course-grain areas
throughout the target.

[0008] In one aspect the invention encompasses a physical vapor deposition
target of a copper material and having an average grain size of less than 50 microns
with a grain size non-uniformity (standard deviation) of less than 5% (1-c) throughout
the target. The copper material is selected from the group consisting of high-purity
copper material containing greater than or equal to 99.999% copper, by weight, and
copper alloys.

[0009] In one aspect the invention encompasses methods of forming copper
physical vapor deposition targets. The methods include providing an as-cast copper
material and performing a multistage processing of the as-cast material. Each stage of
the multistage processing includes a heating event, a hot-forging event, and a water
quenching event. After the multistage processing the copper material is rolled to
produce a target blank.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Preferred embodiments of the invention are described below with

reference to the following accompanying drawings.
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[0011] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will be
provided by the Patent and Trademark Office upon request and payment of the
necessary fee.

[0012] Fig. 1 is a diagrammatic view of a portion of an exemplary physical vapor
deposition apparatus.

[0013] Fig. 2 is a flowchart diagram outlining methodology in accordance with
one aspect of the invention.

[0014] Fig. 3 shows a comparison of grain structures of target blanks produced
utilizing conventional methodology (Panel A) and methodology in accordance with the

invention (Panel B).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] In general the invention involves production of physical vapor deposition
targets having improved grain size uniformity such that areas of course grains are
significantly reduced or eliminated relative to targets produced utilizing conventional
methodology. Specifically, the invention was developed for production of high-purity
copper targets and high-purity copper alloy targets where the term “high-purity” typically
refers to a base metallic purity of greater than or equal to 99.99%. Where the material is
an alloy, the term “high purity” refers to the purity of the base copper to which one or
more alloying elements have been added. Although described primarily with respect to
copper and copper alloy targets it is to be understood that methodology of the invention
can be adapted for production of targets of alternative metal or alloy materials.

[0016] Targets in accordance with the invention can be produced to have a
target size and shape configuration appropriate for utilization in conventional or yet to be
developed PVD deposition systems. Targets of the invention can be constructed for
utilization with a backing plate in configurations such as that illustrated in Fig. 1.
Alternatively, targets of the invention can be monolithic targets which can be utilized in
an absence of an independently formed backing plate.

[0017] Copper targets in accordance with the invention can comprise high-purity
copper or high-purity copper alloy, can consist essentially of high-purity copper or high-
purity copper alloy, or can consist of high-purity copper or high-purity copper alloy.
Where the copper material comprises a copper alloy, a material can preferably comprise

copper and at least one element selected from the group consisting of Ag, Al, In, Mg,
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Sn, and Ti. Preferred copper alloys can contain less than or equal to about 10% of total
alloying elements, by weight.

[0018] Sputtering of high-purity copper and copper alloy targets formed by
conventional methodology has revealed the presence of course grain regions with such
regions having large grains of about 100- 200 microns or greater. The presence of such
grains has been determined to affect the quality and uniformity of thin films produced
utilizing such targets. In contrast, copper targets and copper alloy targets in accordance
with the invention have reduced numbers and areas of course grains regions, and in
particular instances methodology in accordance with the invention entirely eliminates
course grains throughout the target.

[0019] Methodology in accordance with the invention is described generally with
reference to Fig. 2. A general process 100 includes providing a copper material in an
initial step 112. Typically, the copper material will be an as-cast billet either of a high-
purity copper or of copper alloy. The copper material is subsequently subjected to a
thermomechanical processing 114. In contrast to conventional methodology,
thermomechanical processing in accordance with the invention can utilize multi-stage
processing where each stage includes a heating event, followed by a forging event and
subsequent quenching. The multi-stage processing will include at least two stages or
‘rounds” of heating, forging and quenching and can comprise three or greater than three
stages.

[0020] During the multi-stage processing the temperature during the heating
event is not limited to a particular value and can vary depending upon the specific
material being processed. Further, an initial stage of the multi-stage processing can
utilize a heating event that is conducted at a first temperature while a second stage
heating event is conducted at a second temperature which varies relative to the first
temperature. Typically, each heating event in the multi-stage processing is conducted
at a temperature of greater than about 900°F. In particular instances, high-purity copper
and particular copper alloys will be heated at 1050°F for at least 30 minutes during each
heating event, and in some instances may be heated for at least 60 minutes. Itis to be
understood that the heating time will vary depending upon the particular heating
temperature.

[0021] During the multi-stage processing, forging events can utilize hot upset
forging. Typically a forging event conducted in a first stage of multi-stage processing

will produce a forged block having a first height (block thickness) and a subsequent
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forging event conducted in a subsequent stage of the multi-stage processing will
produce a forged block having a second reduced height. After each forging event the
forged block is preferably quenched into cold water. Such quenching is preferably
conducted for at least 8 minutes with specific time being determined by the material
mass and block thickness.

[0022] Multi-stage processing ultimately results in a final forged block which is
subsequently subjected to a rolling process 116. Rolling process 116 preferably
comprises cold rolling for further thickness reduction of the forged block. Rolling
process 116 produces a rolled blank which is typically machined and cleaned to form a
target blank.

[0023] The rolled blank can be subjected to additional processing comprising a
heat treatment 118. Where the target is to be bonded to a backing plate, such as a
CuCr backing plate, the heat treatment can be performed as part of the target/backing
plate bonding process. Typically, such bonding is conducted utilizing hot isostatic
pressing (HIPping). The HIPping will typically be conducted at a temperature of at least
about 480°. It is to be understood however, that the particular bonding temperature
during HIPping can vary depending upon the particular high-purity copper material or
copper alloy material being bonded. In specific instances where a high-purity copper
material or particular copper alloys are utilized, the bonding will be performed utilizing a
temperature of approximately 662°F for about 2 hours. In accordance with the
invention, such bonding produces a diffusion bond having a bond strength of greater
than about 20 ksi.

[0024] After bonding, the target/backing plate assembly can be further
processed by machining to form a finished copper or copper alloy target assembly. The
heat treatment performed as part of the bonding process results in annealing or
recrystallization of the copper material. The combination of the multi-stage processing
and recrystallization results in fine grain size and uniform grain distribution with
essentially no course grain areas, and in particular instances results in an absence of
course grain areas throughout an entirety of the target.

[0025] In an alternative embodiment where the rolled blank is to be utilized as a
target in an absence of a backing plate, the rolled blank can be subjected to heat
treatment 118 by annealing/recrystallizing at a heat treatment temperature as discussed
above with respect to heat treatment process 118. In general, the heat treatment will

comprise annealing/recrystallizing at a temperature of at least about 480°F, and in
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particular instances about 662° F for about 2 hours. After annealing, the target blank is
machined to produce a monolithic copper or copper alloy target for use without a
backing plate. The heat treatment results in recrystallization. Due to the previous multi-
stage processing, the recrystallization results in essentially no course grains and
typically an entire elimination of course grains throughout the monolithic target.

[0026] Whether the target material is high-purity copper or copper alloy, and
whether a monolithic target or target assembly is formed, targets produced utilizing
methodology as presented in Fig. 2, consistently have average grain sizes of less than
50 microns with a standard deviation of less than 10% (1-c). In particular instances the
standard deviation is less than 5% (1-c).

[0027] Referring to Fig. 3, a comparison of target blanks produced by
conventional methodology (Panel A) and methodology in accordance with the invention
(Panel B) is shown. The conventional target blank shown in Panel A has visible
rough/shiny regions corresponding to course grain areas having grains of sizes
exceeding 100-200 microns. In contrast, the target blank shown in Panel B produced in
accordance with methodology of the invention has a notable absence of any such
rough/shiny regions and in fact has an absence of course grain regions.

[0028] Processing of particular materials in accordance with the invention is
further described in the examples below. It is to be understood that the examples are
not intended to limit the invention to any particular material compositions, processing
temperatures or conditions and are set forth to illustrate the effectiveness of the

inventive processing.

EXAMPLE 1
[0029] A 6 inch diameter by 10 inch high as-cast copper alloy billet was heated
at 1050°F for 60 minutes. The billet was then subjected to hot forging to a first block
height of 6.0 inches. The block was quenched into cold water for longer than 8 minutes.
The quenched block was reheated at 1050°F for 30 minutes followed by hot forging to a
resulting second height of 3.3 inches. The twice forged block was quenched into water
for greater than 8 minutes. The resulting forged block was then cold rolled to an
ultimate thickness of 0.93 inches. The rolled blank was machined and cleaned and was
subsequently bonded to a CuCr backing plate by hot isostatic pressing at 662°F for 2
hours. The resulting target/backing plate assembly was machined to a finished copper

alloy target assembly. The final target had a uniform grain size distribution with a
6
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standard deviation of less than 5% (1-6) and an average grain size of less than 50

microns.

EXAMPLE 2
[0030] A rolled copper alloy blank was prepared as described above in Example
1. The rolled alloy blank was annealed by heat treating at 662°F for 2 hours. The
resulting target blank was machined to produce a monolithic copper alloy target which
had a resulting grain size average less than 50 microns and a uniform grain size

distribution having a standard deviation of less than 5% (1-c) throughout the target.

EXAMPLE 3

[0031] A high-purity (99.9999% by weight) copper as-cast billet was subjected to
two rounds of heating, hot forging, and water quenching, followed by cold rolling as
described in Example 1. The rolled copper blank was machined and cleaned and was
bonded to a CuCr backing plate at 662°F for 2 hours utilizing hot isostatic pressing.
After bonding, the assembly was machined to form a finished copper target assembly.
The resulting bond strength was greater than 20 ksi. The target had an average grain
size of less than 50 microns and a grain size distribution standard deviation of less than
5% (1-0).

EXAMPLE 4

[0032] A rolled high-purity copper blank was produced as described in Example
3. The blank was subjected to annealing by heating at 662°F for 2 hours. The target
blank was subsequently machined to produce a monolithic target. The monolithic target
had an average grain size of less than 50 microns and a grain size distribution
uniformity of less than 5% (1-c).

[0033] For each of the four targets produced above in the examples the target
had an absence of course grain regions throughout the entirety of the target. The
results of studies of grain sizes for targets of the invention as compared to conventional
targets is presented in Table |. Resulting grain sizes for a copper-aluminum alloy target
produced in accordance with the invention is presented in Rows 3 and 4 of the table, as
compared to a target of identical composition prepared utilizing conventional processing
(Rows 1 and 2).
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Table I: Grain size (microns) comparison at indicted target locations for
conventional targets and targets of the invention.
Edge Middle radius Center
Average um
um um um
Top of conventional
27 80 64 57
target
Bottom of conventional
32 29 43 35
target
Top of target of the
) ) 32 29 32 31
invention
Bottom of target of the
32 29 32 31

invention

[0034]

Additional grain size determinations were performed for multi-stage

processed targets of the invention. The results for four independently formed copper-

aluminum alloy targets are presented in Table 2.

Grain size determinations were

performed at multiple target levels (surface, 0.3 inch thickness and 0.6 inch thickness),

with 9 samples being studied per level. The standard deviation per level and for each

target overall are specified.

Table 2: Grain size (microns) uniformity for multi-stage processed targets.

Plane
Overall
std
Target 1 2 3 4 5 6 7 8 9 Ave std dev
dev (16)
c
(10)
00" {29 |29 |32 |29 |32 |32 |35 |32 |29 |31 2.1
1 037129 |32 |32 |35 |29 |29 |29 |29 |32 |31 2.2 4.1
067 |29 |29 |32 |29 |37 |48 |32 |35 |37 |34 6.1
00" |32 |32 |32 |32 |48 |37 |32 |32 |35 |35 5.3
2 03132 |27 |32 |32 |32 |29 |29 (29 |32 |30 1.9 4.0
067 {29 |29 |32 |32 |27 |29 |29 |35 |35 |31 2.9
00" |35 |29 |35 |35 |32 |32 |32 (48 |32 |34 5.5
3 03|27 |32 |29 |32 |29 [29 |29 (32 |29 |30 1.8 4.5
067 |32 |29 |29 |32 |29 |35 |43 |35 |32 |33 4.5
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00|32 |32 |48 |29 |32 |35 |37 |35 |37 |35 5.5
4 03129 |27 |20 |29 |29 (29 |32 (29 |32 |29 1.6 4.4
06" |29 |27 |32 |29 |37 |37 |32 |32 |32 |32 3.4
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CLAIMS

The invention claimed is:

1. A physical vapor deposition target comprising:
a copper material;
an average grain size of less than 50 microns; and

an absence of coarse-grain areas throughout the target.

2. The target of claim 1 wherein the grain size standard deviation

throughout an entirety of the target is less than 10% (1-c).

3. The target of claim 1 wherein the grain size standard deviation

throughout an entirety of the target is less than 5% (1-c).

4, The target of claim 1 wherein the target is a diffusion bonded target and

wherein the diffusion bond has a bond strength of greater than or equal to 20 ksi.
5. The target of claim 1 wherein the target is monolithic.

6. The target of claim 1 wherein the copper material is high-purity copper
having a purity of greater than or equal to 99.9999% copper, by weight.

7. The target of claim 1 wherein the copper material is a copper alloy.

8. The target of claim 7 wherein the copper alloy comprises copper and one
or more elements selected from the group consisting of Ag, Al, In, Mg, Sn, and Ti.

9. A physical vapor deposition target comprising a copper material, having
an average grain size of less than 50 microns and having a grain size standard
deviation of less than 5% (1-o) throughout the target, the copper material being selected
from the group consisting of copper alloys and high-purity copper material containing
greater than or equal to 99.999% copper by weight.

10. A method of forming a copper physical vapor deposition target
comprising:
providing an as-cast copper material;

performing a multi-stage processing of the as-cast material, each stage

10
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comprising a heating event, a hot forging event and a water-quenching event; and
after the multi-stage processing, rolling the copper material to produce a
target blank.

11. The method of claim 10 further comprising annealing the target blank.

12. The method of claim 11 wherein the annealing is conducted at a

temperature of at least about 480°F.

13. The method of claim 10 further comprising hot isostatic pressing the
blank to a backing plate to produce a diffusion bond having a bond strength of greater
than or equal to 20 ksi.

14. The method of claim 13 wherein the isostatic pressing is conducted at a

temperature of about 662°F for about 2 hours.

15. The method of claim 10 further comprising machining the target blank to
produce a monolithic target.

16. The method of claim 10 wherein the copper material is high-purity copper

having a purity of greater than or equal to 99.9999% copper, by weight.
17. The method of claim 10 wherein the copper material is a copper alloy.

18. The Method of claim 17 wherein the copper alloy comprises copper and
one or more elements selected from the group consisting of Ag, Al, In, Mg, Sn, and Ti.

19. The method of claim 10 wherein the multi-stage process comprises a first
stage comprising a first heating event wherein the copper material is heated at a
temperature of greater than or equal to 900°F, and a second stage comprising a second
heating event wherein the copper material is heated at a temperature of greater than or

equal to 900°F for at least 30 minutes.

11



PCT/US2007/067734

WO 2007/130888

1/3

.\78




WO 2007/130888 PCT/US2007/067734

2/3

100

N\

PROVIDE COPPER
MATERIAL 112

[

MULTI-STAGE
HEAT/FORGE/QUENCH |~ _ ..,
PROCESSING

i

ROLLING = 16

[

HEAT TREATMENT = 118

/=



PCT/US2007/067734

WO 2007/130888

Z = K



PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Articie 18 and Rules 43 and 44}

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
HO00112352015 ACTION as well as, where applicable, item 5 below.
International application No. international filing date (day/monih/year) (Earliest) Priority Date (day/month/year)
PCT/US2007/067734 30/04/2007 01/05/2006
Applicant

HONEYWELL INTERNATIONAL INC.

This international search report has been prepared by this International Searching Authority and is transmitied to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

Thig international search report consists of a total of 3 sheets.
Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard io the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

[:I a translation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L.

Certain claims were found unsearchable (See Box No. Il

00O O

Unity of invention is lacking (see Box No lil)

&

With regard to the title,
D the text is approved as submitted by the applicant
the text has been established by thls Authority to read as follows:
COPPER TARGET

5. With regard to the abstract,
the text Is approved as submitted by the applicant

D the text has been established, according to Rule 38.2(b), by this Authority as It appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. _1
as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure
[:I as selected by this Authority, because this figure better characterizes the invention
b. []  none of the figures is to be published with the abstract

Form PCT/ISA/210 (first shest) (April 2005)



INTERNATIONAL SEARCH REPORT

international application No

PCT/US2007/067734

A. CLASSIFICATION O] 354UBJECT MATTER

INV. C23C14

According o Intetnational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

¢23C

Minimum documentation searched (classification system followed by classification symbois)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE REL.EVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

the whole document

X EP 1 584 706 A (NIKKO MATERIALS CO LTD 1-3
[JP]) 12 October 2005 (2005-10-12) 7-9
paragraphs [0044] - [0064]; tables 1,2

X US 2004/072009 Al (SEGAL VLADIMIR M [US] 1-19
ET AL) 15 April 2004 (2004-04-15)

95’

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

‘A" document defining the general state of the art which is not
conhsiderad to be of particular relevance

*E" earlier docurnent but published on or after the international
filing date

*L" decument which may throw doubts on pricrity claim(s) or
which is cited to establish the publication date of another
clitation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

'P* document published prior o the international filing date but
later than the priority date claimed

"T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
Invention

°X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considersd to
Involve an inventive step when the document Is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combired with one or mors other such docu-
lmefllﬂs’ ?tuch combination being obvious 1o a person skilled
n the art.

*&* document member of the same patent family

Date of the actual completion of the International search

6 September 2007

Date of malling of the International search report

24/09/2007

Name and mailing address of the 1ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31~70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31~70) 340-3016

Authorized officer

Ekhult, Hans

Form PCT/SA/R10 (second sheet) (April 2005)

Y

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Information on patent family membets

international application No

PCT/US2007/067734
Patant document Publication Patent family Publication
cited in search report date member(s) date
US 2004072009 Al 15-04-2004 NONE
FP 1584706 A 12-10-2005 WO 2004046415 Al 03-06-2004
JP 2004169136 A 17-06-2004
us 2005285273 Al 29-12-2005

Form PCT/ISA/210 (patent famlly annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report

